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I. Introduction
Most countries have the progressive income tax system. Policy planners have been interested in examining the degree of the progressivity for the evaluation of the income tax system. In fact, many progressivity indexes have been suggested, however, these measures reflect different aspects about tax progressivity. Also, there are many ways to evaluate the income tax, for example, nominal tax rate, marginal effective tax rate, along with the amount and its upper limit by types of deductions, tax credits and income brackets specified in the laws. Kiefer (1984) categorized the indexes of tax progressivity into two types, which are structural index and distributional index. The former is the index using a function of the relationship between the amount of income and the taxes imposed on it (the tax structure), while the latter measures a function of the tax structure and of the income distribution. Duclos and Tabi (1996) also divided the indexes of tax progressivity into two types which are a tax share view and a redistributive approach. They suggested that the Kakwani index and the Suits index belong to the tax share view and the redistributive approach can be applicable to the Musgrave and Thin, the PechmanOkner index, and the Reynolds-Smolensky index. In addition to these categories, there are a lot of progressivity indexes, for example, Baum (1987 Baum ( , 1998 , Aggarwal(1994) , and etc. Berliant and Gouveia (1993) , Strauss (1999, 1994) developed an effective tax function to measuring the relationship between income and tax amounts by specific functional forms. This approach is conceptually simple and practical to apply, and also explains lots of characteristics about income tax system. An effective income tax function includes several parameters, which are related to two indexes of progressivity. This function also can be used to show the difference in income tax systems. The effective income tax function has the several attributes. First, a maximum effective tax rate represents not only the incentive effect of the income tax on the labor supply, but also politically maximum feasible tax rate (Gouveia and Strauss, 1994) . Second, the mean squared error (MSE) from the estimated function can be used as a 'quick' index based on the classical concept of horizontal inequity, which is unequal treatment of equals. Finally, both the elasticity of after-tax income with respe ct to economic income and the residual income elasticity as a tax progressivity can also be easily calculated.
The income tax system for each country has different aspects in tax rate, income bracket, income deduction, tax credit, etc. Thus it is very difficult to compare the income tax systems among different countries. The effective income tax function might give us one practical approach to compare the income tax systems among different countries.
The purpose of this study is to statistically estimate the effective income tax function for comparative analysis of income tax systems. We apply the effective income tax function to selective countries from Luxemboug Income Study (hereafter LIS) dataset and Korean Household Expenditure Survey Data. We show a degree of incentive effects of income taxes on the labor supply, the index of horizontal inequity, and two kinds of tax progressivity indexes. We also estimate the Reynolds -Smolensky index (hereafter, R-S index) and the Kakwani index to evaluate any difference of empirical results between the effective income tax function and popularly applied tax progressivity indexes. This paper consists with four sections. Section 2 discusses the effective income tax function to be estimated, and its implications. Section 3 presents the empirical results for eight countries. Finally, Section 4 is summarized and concluded.
II. The Effective Income Tax Function
We discuss the derivation and characteristics of the effective income tax function.
This function was originally derived from the equal sacrifice theory by Young (1988 Young ( , 1990 ) and more generally by Berlaint and Gouveia (1993) . It is also practically applied by Strauss (1999, 1994 ). Now we briefly explain how the equation was derived. Young (1990) We derive the average tax function as follows:
This equation has the asymptotic marginal and average tax rates of 100 percent that might readily affect the willingness to work. The above function does not consider incentive effects of the income tax on labor supply. So Berliant and Gouveia (1993) propose the labor supply component in this framework by integrating the notion of equal sacrifice on optimal income taxation. Empirical studies were done by Strauss (1999, 1994) by adding a specification with one parameter 'b' as an approximation to incentive compatible to the equal sacrifice tax function as follows: We use equation (1) for the estimation of the effective income tax function. Now we discuss the economic implications of parameter estimates from the effective income tax function. 1 First, the estimate of 'b' represents a maximum effective tax rate, which is interpreted as a weight given to incentives in the design of the effective income tax function. The parameter 'b' was interpreted as a maximum politically feasible tax rate (Gouveia and Strauss, 1994, p. 335) . Also Gouvei a and Strauss (1999) noted that a lower b represents more incentives to the willingness to work. So we display which countries have more incentive on labor supply of taxes with these values.
Second, the estimated mean squared error (MSE) from the effective income tax function can be used as a 'quick' index of the classical horizontal inequity. The classical notion of horizontal inequity means unequal treatment of equals. Even if there have been many indexes to measure the horizontal inequity (see Kaplow, 1989 , Aronson et al., 1994 , MSE, which is a by-product of the effective tax function estimation, can be used as another measure to represent the horizontal inequity.
Third, the elasticity of after-tax income with respect to economic income evaluated at a given point, which is called as residual income elasticity, may be a local measure of distributional effects of the income tax (Jakobssen, 1976) . But, we follow Pfingsten (1986), who proposed the average of individually calculated residual income elasticities as a global measure. We estimate the mean of a global measure proposed by Pfingsten (1986) as the residual income elasticity using the estimates of the effective income tax function like Gouveia and Strauss (1994) as follows:
is a marginal tax rate for individual i, ) ( i y t is an average tax rate for individual i, and N is the number of taxpayers. The elasticity which ha s smaller than one represents a progressive tax system. The lower the elasticity is, the larger the equalizing effects on the income distribution is.
Fourth, we measure the elasticity of the tax revenue with respect to income. We use the aggregate of the elasticity, which is a weighted average of the individual elasticities where weights are tax payments. Its expression is as follows: 
III. Empirical Results
We applied our model to seven countries from the LIS dataset for practical adaptibility and Korean micro data. We got the convergent results of effective income tax functions from Australia (1994), Belgium (1992 Belgium ( , 1997 , and the Canada (1991 , 1997 , 1998 ), Germany (1994 ), Israel (1992 , 1997 ), Norway (1991 , 1995 , USA (1991 USA ( , 1994 USA ( , 1997 USA ( , 2000 . However, we select one specific year for each country to discuss the difference in income tax systems. We interpret our estimates of tax progressivities and various properties about the income tax systems for each country. Fi rst, the residual income elasticity (hereafter RIE) and the elasticity of tax revenue with respect to pre-tax income (hereafter ERI) show considerable variations in the countries for study (see also Figure 1 ). Ranking the countries in descending order with RIE, Belgium is followed by Australia, Israel, Germany, Canada, Norway, Korea, and USA. Also, ranking the countries in the same way as the above indexes for ERI, Korea is followed by Germany, Israel, Belgium, USA, Australia, Canada, and Norway.
Second, there are country-specific fluctuations of a maximum effective tax rate in all the countries. As we explained, the lower b indicates the more incentive. In this context, Canada has the least disincentive effect on work in income tax system, which means that Canadian income tax system has a relatively small influence on the labor supply, even if the maximum marginal tax rate is not low relative to other countries. By the same token, Germany has the most disincentive on the willingness to work. The intersting finding is that the estimated maximum effective tax rate is less than or very similar to its maximum marginal tax rate except for Norway and Korea. In the cases of Israel and Germany, the maximum effective tax rates are almost the same as the maximum statutory marginal tax rates.
Third, from RE1 in Table 1 to represent the redistributive effect of income tax system, Belgium is followed by Australia, Israel, Germany, Canada, Norway, Korea, and USA. Belgium has the most redistributive effect of income tax system, while Korea and USA have the least redistributive effect. In general, the tax progressivity can be interpreted as the vertical effect, so we choose a measure of vertical effect as the elasticity of tax revenue with respect to pre-tax income to find the implications with the horizontal inequity.
Fourth, for the 'quick' index of horizontal inequity which is a by-product from the effective income tax function, Israel is followed by Canada, Belgium, Australia, Korea, Norway, USA, and Germany (see Figure 2 ). This index shows that the income tax system violates the horizontal equity due to deductions, tax credits, and other items.
Comparing horizontal inequity with vertical inequity, Germany has a high effect of vertical equity and a low horizontal inequity. Korea, which has the highest vertical effect, shows a medium level of the horizontal inequity. Israel, whose horizontal inequity is the highest, demonstrates the third ranking in the vertical effect. There seems to be no correlation between the vertical and horizontal effects. This comparison implies that the evaluation of the income tax systems requires us to consider both the vertical and horizontal equity. However, it nee ds more analysis to support this assertion, as the MSE is a 'quick' index unlike the other horizontal inequity index.
In this context, it can be said that the estimates of the effective income tax function are of great use in evaluating the income tax systems for different countries. Note: RE2 = R -S index/pre-tax Gini coefficient *100 
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We get several interesting results from these comparisons. First, the international comparison of the conventional inequality indexes shows that there are relatively much differences in the degrees of pre-tax and post-tax income inequality. However, these differences are relatively higher in Korea and USA than in other countries. We also find that the trend of d ifferences between the pre-tax and post-tax Gini coefficients corresponds to that of the R-S index.
Second, ranking countries in descending order of progressivity using the R -S index, Belgium is followed by Germany, and USA. Ranking the country-specific e lasticities of tax revenue with respect to income, Korea is followed by Germany, Israel, Belgium, USA, Australia, Canada, and Norway. These results definitely illustrate that each index tells different stories about the progressivity from the same dataset (see Figure 3) .
Besides, empirical results about tax progressivity clearly indicate slight difference across countries in the degree of four indexes about tax progressivities.
Third, comparing the RE1 with the RE2 as a measure of the redistributive effect, the two values appear to display a relatively different trend as can be seen in Figure 4 . 
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The findings from these comparisons justify the necessity for policy planners to use several alternatives of a tax progressivity index together in order to correctly evaluate the income tax system. The effective income tax function has various advantages. Our empirical results illustrate that it is reasonable to consider several measures to properly evaluate the income tax system.
IV. Conclusions
We statistically estimated the effective income tax function using the seven countries dataset from LIS and Korea data, to measure the tax progressivity, the maximum effective tax rate, and the horizontal inequity. We also estimated the R-S index and the Kakwani index so as to supplement the evaluation of the income tax system with the index values from the effective income tax function.
Our empirical results give us several implications. Each index in four types of tax progressivity tells the different stories about the progressivity as expected, implying that it requires policy planners to evaluate the income tax system with alternatives. The estimates of maximum effective tax rate are usually less than or very close to its maximum statutory marginal tax rate, except for Norway and Korea. It implies that the estimation of the effective income tax function is of great use and significance to evaluate the charateristics of the income tax system. The MSE, which is a by-product from the estimate of the effective income tax function, represents the degree of the horizontal inequity as a 'quick' measure.
In conclusion, the effective income tax function can be said to be a useful and appropriate criterion to evaluate the charateristics of the income tax system, despite some differences in the degree of the tax progressivity and redistributive effect from existing indexes. 
